Surveillance of PA levels has progressed substantially in the past decade facilitating comparisons of PA between countries and regions. Available data obtained with standardized self-report instruments provide estimates of physical activity for 146 countries of the 194 WHO-member states. These data indicate that globally approximately 78%-85% of school-going adolescents (11-17 years) , 24% of adults, and 55% of older adults are classified as inactive, and that physical inactivity is more common in countries of high income than in those of low income. 4 However, notable gaps remains. Not all samples are representative of a whole country's population, longitudinal data on trends of PA are absent, and most notably there is low agreement between various instruments of self-reported physical activity and between subjective and objective assessment of PA. 5 Therefore, we cannot expect the prevalence estimates of inactivity derived from various self-reported instruments to be precise nor internationally comparable. Until now, large population studies performing objective assessment of PA across the lifespan are scarce, 6 hampering our ability to derive precise prevalence of inactivity and to identify potentially vulnerable subgroups within populations. Thus, the need to employ surveillance systems embedding objective assessment of physical activity in representative samples is evident. The aim of this study was to provide a comprehensive description of objectively measured PA, sedentary time, and prevalence of meeting current PA recommendations, in a population-based sample of Norwegians across the lifespan.
| METHODS

| Design
The participants in this pooled cross-sectional study consists of two nationally representative samples; 6-, 9-, and 15-year olds surveyed in 2011; and adults and older people (20-89 years) surveyed in 2014/15. In 6-, 9-and 15-year olds, a total of 5,757 children and adolescents from 103 schools were invited using a cluster sampling with school as the primary unit. We obtained written informed consent from 3598 participants and their primary guardians, yielding a participation rate of 56%, 73% and 58% for 6-, 9-and 15-year-olds, respectively (see Dalene et al 7 for a detailed description).
The adult sample (20-89 years) consisted of a cross-sectional sample where 3180 individuals out of 11 147 potential participants agreed to participate (participation rate of 29%) and a follow-up sample of 1929 individuals that participated in a similar surveillance study conducted in 2008/09 (participation rate of 61%). The results from the first surveillance study in adults in 2008/09 have been published elsewhere. 8 The
Norwegian Social Science Data Services reviewed and approved the study. All participants provided written informed consent and we conducted the study according to the Helsinki declaration.
| Anthropometry and demographics
In the sample of children and adolescents, we visited schools and measured weight and height to the nearest 0.1 kg (Seca 877, SECA GmbH, Hamburg, Germany) and 0.1 cm (wallmounted measuring tape), respectively, while the participants wore light clothing and no shoes. In the adult sample, participants self-reported their sex, height and weight (to nearest millimeter and 0.1 kg, respectively). We calculated Body Mass Index (BMI) as body weight (kg)/height (m 2 ) and children and adolescents were classified as normal-weight, overweight and obese according to the IOTF age-and sexspecific cut-offs 9 while adults and older people were classified according to the WHO classification. 10 We used the highest education level as a proxy for socioeconomic status (derived from participant's parents in the pediatric sample and self-report in the adult sample) and categorized the participants as follows: low (primary school, lower secondary school, vocational high school), middle (secondary school/ high school), or high (undergraduate or graduate degree).
| Physical activity, sedentary time, and
PA recommendations
The ActiGraph accelerometers, models GT1M and GT3X+ (ActiGraph, LLC, Pensacola, FL), were used to assess the participants' PA level. All protocols included seven consecutive days of wear time. We asked participants to wear the accelerometer while awake, except during water-based activities (eg showering and swimming). The accelerometers were initialized and downloaded using the ActiLife software provided by the manufacturer (ActiGraph, LLC, Pensacola, FL), and data were collected at 30 Hz. Vertical axis accelerometer data derived in 10 second epochs (children and adolescents) and 60 second epochs (adults) were processed using a specialized accelerometer analytical software (KineSoft version 3.3.80, Loughborough, UK). All participants accumulating at least 8 hour (children and adolescents) or 10 hour (adults) of valid activity recordings per day for at least 1 day were included in analyses (with the exception of the analyses of differences across type of day, where participants had to have at least one valid weekday and weekend day). Non-wear time were determined as intervals of at least 20 consecutive minutes with zero counts for children and adolescents, and 60 consecutive minutes with zero counts for adults and older people (also allowing for 2 minute with activity counts > zero among adults and older people), and deleted from the data arrays. We used counts min -1 (cpm), calculated by dividing the total number of counts by the total number of valid wear minutes, as a measure of overall physical activity. To identify PA of different intensities, we applied count thresholds corresponding to the energy cost of the given intensity to the data set. For all age groups, sedentary time was defined as all activity <100 cpm, a threshold that corresponds with sitting, reclining, or lying down. 11 For children and adolescents, we defined light physical activity (LPA) and moderate-to-vigorous intensity (MVPA) as minutes with a count value in the range of 100-1999 CPM (1.6-2.9 METs) and ≥2000 CPM (≥3 METs), respectively. 12 For adults, light intensity PA was defined as minutes with a count value between 100 and 2019, and MVPA as minutes with activity counts ≥2020 cpm. 13 For adults and older people we also derived MVPA accrued in bouts (MVPAb) lasting at least 10 minutes (allowing for 2 minute epochs with a count value below the MVPA threshold). The numbers of minutes per day in different intensities were determined by summing all minutes where the activity count met or surpassed the threshold for that intensity, divided by the number of valid days. Adherence to physical activity recommendations for children and adolescence were determined by accumulating an average value of at least 60 minutes of MVPA per valid day. Adherence in the adult sample were determined accumulating a daily average >21.4 min/d, corresponding to a weekly amount of at least 150 minutes of MVPA, accrued in bouts of at least 10 minutes (allowing for 2 minute below the threshold).
| Statistics
All analyses were cross-sectional and performed using Stata 13.1 (StataCorp. 2013. Stata Statistical Software: TX: StataCorp LP.). Descriptive data are presented as proportion, mean and SD or SEM, and 95% confidence interval (CI) where appropriate. The various indices of intensity-specific physical activity and sedentary time are adjusted for wear time. We applied general linear models (ANCOVAs) to explore differences in indices of physical activity across age and gender and logistic regression to explore differences in adherence to physical activity guidelines across sex, age and population subgroups. The association between physical activity and age were explored using linear regression and differences in indices of sedentary time and physical activity across type of day was analyzed using paired samples ttests. The statistical level was set at P < 0.05, and all tests are two-sided. Table 1 513 (51) 493 (49) 712 (52) 672 (48) 509 (50) 507 (50) 2053 (56) 1528 (41) 579 (49) 596 (51) Age ( 137.9 (6.5) 15-year olds were either overweight or obese. Among adults (20-64 years) and older people (65 years or above), similar prevalence were 48% and 52%, respectively. All indices of physical activity and sedentary time are shown in Table 2 . Participants wore the monitor on average for 14 hours per day, and daily wear time increased with increasing age (b = 1.9 minutes per day, 95% CI: 1.9, 2.0), ranging from 12 hours per day in 6 year olds to 15 hours per day in adults. Average number of valid wear days were 5.8 (1.5), 6.1 (1.3), 5.4 (1.7), 6.4 (1.1), and 6.5 (1.1) for 6-, 9-, 15-year olds, adults, and older people, respectively. Overall PA (cpm) were higher in men compared to women across the life span, except in older adults. In children and adolescents, the relative sex-related differences for 6-, 9-, and 15-year olds were 11% (85 cpm, 95% CI: 58, 112), 17% (108 cpm, 95% CI: 86, 130), and 16% (72 cpm, 95% CI: 52, 92), respectively, and 5% among adults (17 cpm, 95% CI: 8, 26). Girls were 2%-4% more sedentary compared to boys (19, 19 , and 22 minutes per day difference for 6-, 9-, and 15-year-olds, respectively), while men were more sedentary compared to women among adults (18 minutes per day, 95% CI: 13, 23) and older adults (24 minutes per day, 95% CI: 15, 33). Men accumulated more MPA and VPA compared to women (2 minutes per day, 95% CI: 1, 4; and 1 minute per day, 95% CI: 0.6, 1.5, respectively). As oppose to accumulated MPA and VPA, adult women accumulated more sustained MVPA (accrued in 10 minutes bouts) compared to men (3 minutes per day, 95% CI: 2, 4).
| RESULTS
Higher age was associated with lower levels of total PA and patterns were similar across sex (Table 2) . Nine-year olds were 20% less active than 6-year-olds (126 cpm, 95% CI: 112, 140) and 15-year olds were 30% less active than 9-yearolds (317 cpm, 95% CI: 302, 332). Adults were 18% (83 cpm, 95% CI: 72, 93) less active than adolescence (15-year-olds). Total PA remained stable throughout adulthood, but dropped at an annual rate of 3% among older people (65+ years) (b = 9 CPM, 95% CI: 7, 10). The age-related patterns of intensity-specific PA showed similar results. Sedentary time increased by 0.5 minutes per year (95% CI: 0.4, 0.5) throughout adulthood and into older age, while MVPA was stable among adults but decreased at an annual rate of 1 minute per year (95% CI: 0.8, 1.4) among older people (see Supporting information Table S2 for the indices of sedentary time and physical activity among adults and older people across 10-year age groups).
Among 6-, 9-, and 15-year olds, 90%, 77%, and 48%, met PA recommendations, while similar prevalence among adults and older people was 33% and 31%, respectively (for sex-specific prevalence, see Table 3 ). Among children and adolescents, more boys than girls met PA recommendations, while among adults, more women than men met the PA recommendations, while no difference between the sexes among older people was apparent. Older age was associated with lower prevalence of meeting recommendations, and the annual decrease were of greater magnitude among older adults, where older age (65 years or older) was associated with a 7% annual reduction of odds of meeting the PA recommendations (95% CI: 4, 9). The various indices of PA showed some variation across weekdays and weekend days (Supporting information Table  S1 ). Overall PA was higher on weekdays for 15-year olds (girls: 49 cpm, 95% CI: 29, 69; and boys: 56 cpm, 95% CI: 31, 81) and older men (15 cpm, 95% CI: 4, 26), and opposite for adult women (24 cpm, 95% CI: 16, 30). The amount of sedentary time were higher on weekends compared to weekdays for 6-year-old girls and 9-and 15-year-old boys, while the opposite was apparent among adults (both sexes) and older men. Children, adolescents, and older people accumulated more MPA on weekdays compared to weekend days, while the opposite was observed among adults.
Most indices of sedentary time and physical activity differed across BMI categories with the exception of LPA (data not shown), and were most pronounced for MVPA and MVPAb. Compared to normal weight individuals, overweight and obese adults were 18% (OR: 0.82, 95% CI: 0.70, 0.97) and 63% (OR: 0.37, 95% CI: 0.28, 0.49) less likely to meet PA recommendations (Figure 1) . Among older people, corresponding results were 49% (OR: 0.51, 95% CI: 0.38, 0.67) and 80% (OR: 0.20, 95% CI: 0.12, 0.35), for overweight and obesity, respectively.
In adults, we observed a significant interaction between type of day and weight category, indicating that the impact of type of day on physical activity differed across BMI-categories. Therefore, activity patterns were further explored by type of day (Supporting information Figure  S1AB ). Overall, differences in all indices of physical activity were larger between the BMI categories on weekends compared to weekdays. Compared to normal weight participants, obese participants showed a 19% (355 CPM vs 287 CPM) lower overall PA on weekdays and 25% (370 CPM vs 279 CPM) lower overall activity on weekends (data not shown). These differences were particularly notable at around midday and early afternoon (Supporting information Figure S1AB ).
| DISCUSSION
This study provides a detailed description of objectively measured PA across the lifespan in a large population-based sample of Norwegians by age, sex, and weight status. Boys are more active and less sedentary compared to girls. This difference between the sexes is somewhat different among adults where men have a higher overall activity level, but accumulate more sedentary time and less MVPA performed in bouts, compared to women. Consequently, more women than men meet PA recommendations. Older age is associated with lower levels of physical activity. Albeit crosssectional, we observe a substantial age-related decline in average PA from throughout childhood and into adulthood, followed by a period of stable activity levels until approximately retirement age where a marked decline is observed. The majority of six-, and 9-year olds, 48% of 15-year olds, and about one third of adults and older people meet PA recommendations and adherence were less prevalent among overweight and obese individuals across all ages.
Population-based studies of objectively measured physical activity and sedentary time across the lifespan are scarce. This, in combination with the use of different data reduction methods applied across studies hampers international comparisons. However, the International Children's Accelerometry Database (ICAD) -a pooled database consisting of comparable accelerometer data from 20 studies across ten countries 14 -displays similar age-and sex-related patterns as in the present study. Although ICAD was not designed to provide national estimates of activity and sedentary time, the similarities in activity patterns implies that this is indeed a consistent finding. In adults, Loyen et al 15 pooled cross-sectional data from five countries (including a previous population-based Norwegian sample 8 ), showing high levels of sedentary time particularity in older and obese individuals, as well as an age-related decline in physical activity, similar to that observed in the present study.
Compared to other countries, Norwegians show a relatively high adherence to PA recommendations. 15, 16 However, a substantial amount of the variation between studies might be attributed to differences in the interpretation of the physical activity recommendations, in how adherence is defined, and 
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how the accelerometer data is reduced and analyzed. 17 For example, the choice of cut-points for determining intensityspecific physical activity will affect prevalence estimates. 18 Furthermore, if the recommendations for children are defined as accumulating at least 60 minutes of MVPA every day, the prevalence of not meeting recommendations will be markedly higher compared to the more lenient criteria of accumulating an average of ≥60 minutes per day of MVPA. In sensitivity analyses we estimated that 51% of 9-year-olds met the PA recommendations using the more stringent criteria (at least 60 minutes of MVPA every day), compared to 77% using the more lenient criteria (an average of at least ≥60 minutes per day of MVPA). In contrast to previous observations, 13, 19 we observed a higher adherence to PA recommendations in women compared to men. This suggest that Norwegian women perform more sustained activities of at least moderate intensity activity compared to men. This sex-related difference in how activity is accumulated might have important implications for health policies as the notion that activity should be sustained in bouts of at least 10 minutes in order to provide health benefits is both embedded in the Nordic physical activity recommendations and recommended by the WHO. 20 In comparison, global estimates of self-reported physical activity suggest that the prevalence of meeting PA recommendations is higher in men. 6 Interestingly, when comparing self-reported physical activity in the present study, the traditional pattern of men being more active compared to women were observed (data not shown). Thus, the notion that men are more active than women might be influenced by the assessment method rather than the 'true' prevalence of sustained MVPA being higher among men. An additional explanation may be that men are more likely to overreport their levels of physical activity by self-report. The finding that overweight and obese individuals are less likely to meet current PA recommendations are of importance to public health. Although PA may prevent the development of obesity, the magnitude and direction of the association between PA of various intensities and weight status remain unclear and prospective analyses of the two Norwegian surveillance studies suggest that MVPA do not predict weight gain whereas a high baseline body weight predict lower levels of MVPA. 21 Nevertheless, overweight and especially obesity is a stigmatized condition. Increased focus on body weight in health care may alienate and humiliate these individuals, 22 as those who report feeling judged by their primary care provider might to a lesser extent seek or attain successful weight loss. 23, 24 This, in combination with the limited success of weight loss interventions indicate that the public health message should focus on physical activity rather than weight loss. Encouraging individuals to not focus on weight or weight loss, but benefits of physical activity, may increase the likelihood of behavior change and maintenance. 22 A major strength of the present study is the large, and population-based sample of participants across the lifespan with objective and continuous measure of PA over multiple days. Because of known difficulties with accurately recalling details about physical activity and sedentary time, 25 objective measurements using accelerometers is considered a preferable option in large-scale studies. 26 Thus, the present study provides the most up-to-date and high-quality source of information on levels of physical activity and sedentary time in the Norwegian population. Limitations include the cross-sectional design precluding any inference about withinindividual change of sedentary time and physical activity with age. Furthermore, generalization of findings should always be done with caution. Fifty-six percent of the invited 6-year-olds, 73% of the invited 9-year-olds, and 63% of the invited 15-year olds participated in the study. These are acceptable participation rates that are comparable to or higher than participation rates in other European samples of adolescents assessed with accelerometers. 27, 28 Among adults and older people, 29% of the invited sample participated, and the included sample differed compared with the underlying population according to socio-demographic variables (income and level of education). This is a common observation in population-based surveys 29, 30 and we cannot rule out the possibility that the physical activity estimates are somewhat overestimated because of selection bias. Nevertheless, prevalence of overweight and obesity and certain lifestyle diseases are similar to national estimates, and studies have demonstrated only moderate changes in prevalence estimates when comparing results obtained from studies were response rates range from 30% to 70%. 29, 31 Thus, these results may not be completely generalizable to the entire adult Norwegian population although providing the best estimates of the prevalence of sedentary time and physical activity so far. Finally, physical activity measurements by accelerometer cannot accurately identify all forms of physical activity (eg upper body movement, swimming, cycling), account for added mass (carrying a backpack), or isometric muscle contractions (holding a bag of groceries while standing still). Thus, physical activity may be underestimated in some individuals who participate in such activities. However, it is unlikely this will affect the population prevalence estimates. Lastly, acceleromter-determined indices of sedentary time and physical activity are affected by how accelerometer data are reduced from the recorded acceleration signal to indices of activity. This includes amongst others time resolution of the data (epoch-length), classification of intensity (cut-points for intensity), how periods of monitor removal (non-wear) are detected and treated, and thresholds for when to label data as valid with regards to hours of daily wear and number of days with valid wear time. There are currently no consensus on accelerometerdata reduction protocol, hampering comparisons across age and across studies. In the present study, including participants with one valid day of accelerometer recordings might be considered too liberal to obtain reliable estimates of physical activity. 32 Nevertheless, applying the more stringent criteria of at least three valid weekdays and one valid weekend day reduced the number of participants with valid accelerometer data recording from 8162 to 7278 individuals, but did not alter any findings or patterns of physical activity in a meaningful way (see Supporting information Table S3 ). Compared to the applied wear time criteria, the more stringent wear time criteria yielded more wear time (8 minutes per day), more sedentary time (4 minutes per day), less MVPA (0.3 minutes per day), lower counts per minute (4 counts per minutes) and a somewhat higher prevalence of meeting PA recommendations (1 percent).
| PERSPECTIVE
The results from the Norwegian surveillance system for physical activity indicate a substantial age-related decline in average PA from childhood into adulthood, followed by a period of stable activity levels until approximately retirement age after which a further decline is observed. Adolescents spend more time sedentary than any other age group. The majority of Norwegian 6-year olds meet current PA guidelines for physical activity, while the vast majority of Norwegian adults do not meet the current PA recommendations. Furthermore, men, and overweight and obese individuals are less likely to meet PA recommendations and thus more at risk for developing certain chronic diseases. The high prevalence of inactivity shown among adolescents, adults and older people can serve to justify and inform investments in initiatives to increase physical activity at both population level as well in identified vulnerable subgroups. Furthermore, to assess temporal trends in PA and to evaluate health initiatives taken to increase PA at the population level, such as the WHO`s global target to reduce physical inactivity, it is vital that national surveillance systems are established and existing ones continued using comparable methods and data reduction strategies to ensure retrospective comparability.
